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Abstract It is surprising to find a fact for migration in the peak positions of synchrotron
spectra energy distribution component during in the activity epochs of Mrk 421, accompany-
ing with an orphan flaring at the X-ray and GeV-TeV γ-ray bands. A geometric interpretation
and standard shock or stochastic acceleration models of blazar emission have difficulty re-
producing these observed behaviours. The present paper introduces a linear acceleration by
integrating the reconnection electric field into the particle transport model for the observed
behaviours of Mrk 421. We note that the strong evidence for evolution of multi-wavelength
spectral energy distribution characteristic by shifting the peak frequency, accompanying with
an orphan flaring at the X-ray and GeV-TeV γ-ray bands provides an important electrostatic
acceleration diagnostic in blazar jet. Assuming suitable model parameters, we apply the re-
sults of the simulation to the 13-day flaring event in 2010 March of Mrk 421, concentrating
on the evolution of multi-wavelength spectral energy distribution characteristic by shifting
the peak frequency. It is clear that the ratio of the electric field and magnetic field strength
plays an important role in temporal evolution of the peak frequency of synchrotron spectral
energy distribution component. We suggest the electrostatic acceleration responsible for the
evolution of multi-wavelength spectral energy distribution characteristic by shifting the peak
frequency is reasonable. Based on the model results, we issue that the peak frequency of the
synchrotron spectral energy distribution component may denote a temporary characteristic of
blazars, rather than a permanent one.
Key words: radiationmechanisms: non-therma–BLLacertae objects: individual: (Mrk 421)–
acceleration of particles
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1 INTRODUCTION
Blazars are the radio-loud active galactic nuclei (AGN). In the most accepted scenario, their continuum
emissions extending from radio to γ-ray bands arise from the relativistic jet. This jet emerges from super-
massive black holes and beams the emission at the observer’s line of sight (e.g., Ghisellini et al. 1986;
Urry & Padovani 1995). Hence, the observed spectra are subjected to the effects of Doppler boosting
(Blandford & Ko¨nigl 1979). In general, multi-wavelength observations show the spectral energy distribu-
tion (SED) of blazars in the log ν − log νFν space exhibits a double-peak shape (Fossati et al. 1998). It is
believed that the low-energy peak of the SED is attributed to synchrotron emission from extreme relativis-
tic electrons and/or positrons in the jet (Urry 1998). The origin of the high-energy component remains an
open issue. The lepton model suggests that it may be attributed to the inverse Compton (IC) scattering of
the extremely relativistic electrons (e.g., Jones et al. 1974; Ghisellini & Maraschi 1989; Dermer et al. 1992;
Zheng & Yang 2016; Zheng et al. 2017).
Most of blazars appear as luminous sources characterized by noticeable and rapid flux variability at
all observed frequencies. Generally, prominent X-ray and γ-ray flares trend to be correlated with low
frequency flares (e.g., Raiteri et al. 2017). Due to the observational limitations, it is difficult to obtain
a detailed picture of the time-varying emission spectrum. Previous efforts to study temporary spectrum
from a blazar have concentrated mainly on the production of variability via either time-dependent par-
ticle distribution (e.g., Bloom & Marscher 1996; Chiaberge & Ghisellini 1999; Bo¨ttcher & Chiang 2002;
Katarzyn´ski et al. 2006; Zheng & Zhang 2011; Weidinger & Spanier 2015; Lewis et al. 2016) or some
physical (e.g., Blandford & Ko¨nigl 1979; Marscher & Gear 1985; Celotti et al. 1991; Mastichiadis & Kirk
1997; Kirk et al. 1998; Giebels et al. 2007; Mastichiadis & Moraitis 2008) and/or geometrical parameters
changing (e.g., Camenzind & Krockenberger 1992; Gopal-Krishna & Wiita 1992). In recent years, the un-
precedented study of multi-wavelength observation campaigns obtain the spectra of blazars as close in time
as possible (e.g., Aleksic´ et al. 2015; Balokovic´ et al. 2016; Kataoka & Stawarz 2016; Abeysekara et al.
2017; Ahnen et al. 2018). While models endeavor to describe the temporary characteristics of the emission
spectrum (Aleksic´ et al. 2015; Balokovic´ et al. 2016), migration in the peak positions of the synchrotron
emission SED component during activity epochs remains an open issue.
Both the diffusive shock acceleration (e.g. Bell 1978; Drury 1983; Marscher 2014; Zheng et al. 2018)
and stochastic acceleration (e.g., Schlickeiser 1985, 1989; Petrosian & Liu 2004; Zheng & Zhang 2011;
Asano & Hayashida 2015; Baring et al. 2017) are potentially efficient mechanisms for producing energetic
particles from a plasma flow with strong shocks. In spite of that the mechanisms, including the injection,
acceleration and cooling of particles (Ghisellini et al. 2002), with the possible intervention of shock waves
(Marscher & Gear 1985; Sikora et al. 2001) or turbulence (Marscher 2014), are still being debated on pro-
ducing the unpredictable variability, previous model efforts can simulate the properties of these flares (e.g.,
Zheng & Zhang 2011; Nalewajko et al. 2012; Petropoulou 2014). There is a class of γ-ray flares that oc-
curs with little correlated variability that is detected at longer wavelengths (e.g., Krawczynski et al. 2004;
Rani et al. 2013). Since the theoretical photon spectral reproducing in standard shock or stochastic accel-
eration models are calculated in the synchrotron self-Compton (SSC) model frame, the mentioned models
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are difficult to explain this pure orphan flare. For the purpose of application proposed model, in the context
we expand the orphan flare to include the flares at both X-ray and γ-ray bands.
It is generally believed that the magnetohydrodynamic (MHD) instabilities of a Poynting-flux
dominated plasma flow results in formation of current sheets where the magnetic reconnection is
triggered (Eichler 1993; Begelman 1998; Giannios & Spruit 2006). Particle acceleration in recon-
nection has been used to interpret the prompt phenomena of γ-ray bursts (e.g., Beniamini & Piran
2013; Zhang & Zhang 2014; Beniamini & Granot 2016; Beniamini & Giannios 2017), in addition to
the high-energy non-thermal emission from pulsar wind nebulae (e.g., Kirk & Skjæraasen 2003;
Cerutti et al. 2012, 2013; Philippov & Spitkovsky 2014; Cerutti & Philippov 2017) and AGN jets (e.g.,
Romanova & Lovelace 1992; Giannios et al. 2009, 2010; Nalewajko et al. 2011; Narayan & Piran 2012;
Giannios 2013; Petropoulou et al. 2016; Christie et al. 2019). While the particle-in-cell (PIC) simulations
(Sironi & Spitkovsky 2014; Guo et al. 2014; Werner & Uzdensky 2017) reveal several difficulties in un-
derstanding how the reconnection produces efficient particle acceleration, one can suggest that linear ac-
celeration by the reconnection electric field is the simplest and most fundamental acceleration mechanism
(Kagan et al. 2018). In principle, the magnetic reconnection offers natural locations, within the diffusion
region where the magnetic field is small and reverse, in which the electric field can exceed the magnetic
field (Cerutti et al. 2013). These results indicate the electrostatic acceleration can drive up the particle en-
ergy to a level significantly overrun the possible values when only the shock and stochastic acceleration
are considered. In these scenarios, we anticipate extreme incident behavior in the quasi-spherical emission
region of the blazar jet to occur.
In the present context, we attempt to account for the temporary characteristic of the emission spectrum
by introducing an electrostatic acceleration mechanism. The aim of paper is to find the distinctive energy
spectrum characteristics for the electrostatic acceleration in the blazar jet. The present paper is organized
as follows. In Section 2, we take the rate of the linear electrostatic acceleration into account in the model
by assuming a constant electric field strength. In Section 3, we discuss the model parameters and establish
a ratio of the electric field and the magnetic field strengths reflecting the electrostatic acceleration rate. In
Section 4, we estimate the maximum Lorentz factor of the particles in the model. Based on the expected
maximum Lorentz factor, we deduce the maximum energy of the synchrotron peak, and we propose an
important electrostatic acceleration diagnostic in the blazar jet. In Section 5, we apply the model to the 13-
day flaring event in 2010 March of Mrk 421. This application concentrates on the electrostatic acceleration
responsible for the evolution of the multi-wavelength SED characteristic by shifting the peak frequency; a
discussion is given in Section 6.
Throughout the paper, all of the parameters are calculated in the co-moving frame. And then, we transfer
them from the co-moving frame to the observed frame by taking relativistic beaming effect into account.We
assume the Hubble constantH0 = 75 km s
−1 Mpc−1, the dimensionless numbers for the energy density of
matter ΩM = 0.27, the dimensionless numbers of radiation energy density Ωr = 0, and the dimensionless
cosmological constant ΩΛ = 0.73.
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2 THE PROPOSED MODEL
The photon spectra in the current context are calculated by the model within the leptonmodel frame through
both synchrotron emission and the IC scattering. In the proposed model, we basically follow the approach
of Zheng et al. (2019) to calculate the electron spectrum, and we introduce electrostatic acceleration to
the first-order gain rate. In our approaches, since the magnetic reconnections occurs in a natural location,
we do not take the actual electrostatic acceleration process. Phenomenologically, we treat the electrostatic
acceleration as a mechanism of gain the energy in the transport equation, that is, the electrons pick up the
energy form the electric fields.
Assuming an electric field of strength E is generated in the magnetic reconnection region around the
shock, we estimate the electrostatic acceleration rate experienced by the electrons with the magnitude of
the electron charge, e, due to electric field crossing in the comoving frame as follows
p˙elec = eE . (1)
Combining the momentum gain rate with shock acceleration, p˙sh, we can establish the first-order momen-
tum gain rate
p˙gain = p˙elec + p˙sh = A0mec , (2)
where,A0 is the first-order momentum gain rate constant in the unit of s
−1 with A0 = Ash +Aelec,me the
electron mass, and c the speed of light. In this scenario, we rebuild the basic transport equation as follows
∂f(p, t)
∂t
=
1
p2
∂
∂p
{
p2
[
D0mecp
∂f(p, t)
∂p
−A0mecf(p, t)
+
B0p
2
mec
f(p, t)
]}
−
(
C0mec
p
+
F0p
mec
)
f(p, t)
+
N˙0δ(p− p0)
4pip20
, (3)
where, f(p, t) is the isotropic, homogeneous phase-space density, p is the particle momentum, D0 is the
momentum diffusion rate constant,B0 is the momentum-loss rate constant,C0 is the shock-regulated escape
rate constant, F0 is the Bohm diffusive escape rate constant, N˙0 is the continual injection rate in the units of
p−1cm−3 s−1, p0 is the characteristic injection momentum, and δ(p) is the Dirac’s distribution function.
Using a Green’s function to solve the stationary particle transport equation (see e.g., Kroon et al. 2016;
Zheng et al. 2019), we can obtain the closed-form solution for the electron Green’s function, NG(γ, γ0),
showing the number density distribution of electrons in the Lorentz factor, γ, space with the Gamma func-
tion, Γ(x), as follows
NG(γ, γ0) =
N˙0mecΓ(µ− σ + 0.5)
BˆD0Γ(1 + 2µ)γ20
(
γ
γ0
) Aˆ
2
e−
Bˆ(γ2−γ20 )
4
× Mσ,µ(
Bˆγ21
2
)Wσ,µ(
Bˆγ22
2
) , (4)
where, we let Aˆ = A0/D0, Bˆ = B0/D0, Cˆ = C0/D0, and Fˆ = F0/D0. The model assumes that the
injected particles have a mono-energetic distribution, and the parameter γ0 is a characteristic Lorentz factor
of the injected particles. The Whittaker functionsMσ,µ(
Bˆγ21
2 ) andWσ,µ(
Bˆγ22
2 ) are defined by the parameter
σ = 1 + Aˆ/4− Fˆ /(2Bˆ), and µ = 0.25[(2 + Aˆ)2 + 4Cˆ]1/2 with γ1 = min[γ, γ0] and γ2 = max[γ, γ0].
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We can use the number density distribution of electrons determined by Eq. (4) to calculate the emis-
sion intensity of the synchrotron, Isyn(ν), and the IC scattering, Iic(ν) in the SSC model frame (e.g.,
Katarzyn´ski et al. 2001; Zheng et al. 2019). Taking the absorption effect of the extragalactic background
light (EBL) into account, we can calculate the flux density at Earth (e.g., Zheng & Zhang 2011)
Fobs.(νobs.) =
piδ3(1 + z)r2s
d2L
[
Isyn(ν) + Iic(ν)
]
× e−τ(ν,z) , (5)
where, δ is the Doppler factor (e.g., Rybicki & Lightman 1979), z the redshift of the source, rs the size
of the blob, dL the luminosity distance, and τ(ν, z) the absorption optical depth (e.g., Dwek & Krennrich
2005). The relationship between the frequency, νobs., at observer’s frame and the frequency, ν, at co-moving
frame is given by νobs. = δν/(1 + z).
3 THE MODEL PARAMETERS
The application of the model requires the specification of both the particle spectra parameters (i.e., N˙0,D0,
γ0, Aˆ, Bˆ, Cˆ, and Fˆ ), and the jet parameters (B, δ, and rs). Since we introduce the electrostatic acceleration
to the first-order gain rate, we should reestablish the parameter relationships, rather than relying on the
model parameters determined in our early work. Based on the equations presented by Zheng et al. (2019)
and the Eqs. (1) and (2) in the current context, we find
Aˆ = Aˆsh + Aˆelec =
9ηξ
4σmag
+
E
B
3η
σmag
, (6)
Bˆ = 5.54× 10−13
ηu
σmag
(
B
0.1 G
)−1 , (7)
Cˆ =
3η
ωσmag
, (8)
and
Fˆ = 8.74× 10−26η2σ−1mag(
rs
1017 cm
)−2(
B
0.1 G
)−2 , (9)
where, η is a dimensionless parameter, ξ is the efficiency factor of shock acceleration, σmag is the magneti-
zation parameter, B is the local magnetic field strength, u is the summation of both the magnetic field and
the soft photon field energy density, and ω is a dimensionless constant of order unity.
In our proposed approach, we require increasing the summation of both the magnetic field and the
soft photon field energy density as free particle spectral parameters; this is based on the free parameters
of Zheng et al. (2019). Once the values of particle spectral parameters are established, we can derive the
momentum diffusion rate constant as follows,
D0 =
4σTu
3mecBˆ
, (10)
where, σT is the with Thomson cross section, the magnetization parameter, σmag, with
σmag =
3ηD0mec
eB
, (11)
and the dimensionless timescale constant, ω, is as follows
ω =
3η
Cˆσmag
. (12)
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Next, we can obtain the averaged soft photon field, uph, with
uph = u−
B2
8pi
, (13)
and the ratio of the electric field and magnetic field strength, E/B, as follows
E
B
=
Aˆσmag
3η
−
3
4
ξ , (14)
4 RADIATION ENERGY OF MAXIMUM PARTICLES
The transport equation in the current context takes the shock, electrostatic, stochastic acceleration, syn-
chrotron and IC scattering loss, as well as particle injection and escape into account. A dynamic equi-
librium is generated by a kind of competition among the acceleration, cooling, injection and escape of
particles from the shock region. Neglecting the particle injection and escape, we can estimate the maxi-
mum Lorentz factor of the particles, γmax, by examining the Fokker-Plank “drift” coefficient, 〈dp/dt〉 =
D0mec(3 + Aˆ− Bˆγ
2
max) = 0, which yields
γ2max = γ
2
e,stoch + γ
2
e,sh + γ
2
e,elec , (15)
It is convenient to obtain the theoretical equilibrium momentum for combination of stochastic acceleration
and momentum loss by balancing the stochastic momentum gain rate, p˙stoch, with the momentum-loss rate,
p˙loss, so that the equation
(p˙stoch + p˙loss)|p=pe,stoch = 0 , (16)
can be established. The equilibrium Lorentz factor for stochastic acceleration versus momentum loss is
therefore given by
γe,stoch =
pe,stoch
mec
=
√
9D0mec
4σTu
. (17)
With the same approach, we can establish the following equations
(p˙sh + p˙loss)|p=pe,sh = 0 , (18)
and
(p˙elec + p˙loss)|p=pe,elec = 0 , (19)
which yields the equilibrium Lorentz factor for shock acceleration versus momentum loss,
γe,sh =
pe,sh
mec
=
√
9ξeB
16σTu
, (20)
and the equilibrium Lorentz factor for electrostatic acceleration versus momentum loss,
γe,elec =
pe,elec
mec
=
√
3eE
4σTu
, (21)
respectively.
The Larmor timescale is the minimum timescale for acceleration of the particles via energetic collisions
with MHD waves,
tL(p) =
rL
c
=
p
eB
, (22)
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where rL is the Larmor radius. Equating the Larmor timescale with the timescale of momentum loss
[tL(p) + tloss(p)]|p=pMHD = 0 , (23)
yields a critical Lorentz factor,
γMHD =
pMHD
mec
=
√
3eB
4σTu
, (24)
Since both shock and stochastic acceleration are mediated by interactions between the electrons and the
MHD wave, we expect neither the γe,stoch nor the γe,sh, to exceed the critical Lorentz factor, γMHD. These
assumptions give
D0,max =
eB
3mec
, (25)
and ξmax = 4/3, respectively. On the other hand, we deduce the combination of these two processes cannot
accelerate electron with a Lorentz factor that exceeds the critical Lorentz factor, that is
(p˙stoch + p˙sh + p˙loss)|p=pMHD ≤ 0 . (26)
This relation yields
(
D0
D0,max
+
3
4
ξ) ≤ 1 . (27)
Substituting Eqs. (17), (20), (21) and (25) into Eq. (15) yields
γmax =
√
3eB
4σTu
(
D0
D0,max
+
3
4
ξ +
E
B
)
= 7.36× 107
(
B
0.1 G
)1/2(
u
0.01 erg cm−3
)
−1/2
×
(
D0
D0,max
+
3
4
ξ +
E
B
)1/2
, (28)
The characteristic energy of the synchrotron emission peak is (e.g., Rybicki & Lightman 1979)
Esyn,peak(γ) = γ
2mec
2 B
Bcrit
= 0.12 MeV
(
γ
107
)2(
B
0.1 G
)
, (29)
where, the Bcrit is critical magnetic field with Bcrit = 4.41× 10
13 G. We can substitute Eq. (28) into Eq.
(29) to obtain the photon energy of the synchrotron peak, given by
Esyn,peak(γmax) = γ
2
maxmec
2 B
Bcrit
= 6.50 MeV
(
B
0.1 G
)2(
u
0.01 erg cm−3
)
−1
×
(
D0
D0,max
+
3
4
ξ +
E
B
)
. (30)
Substituting Eq. (27) into Eq. (30) yields
Emaxsyn,peak(γmax) ≤ 6.50 MeV
(
B
0.1 G
)2(
u
0.01 erg cm−3
)
−1
×
(
1 +
E
B
)
. (31)
Eq. (31) indicates that the maximum photon energy of the synchrotron peak, Emaxsyn,peak(γmax) depends on
the magnetic field strength, B, radiation field energy density, uph, and electric field strength, E.
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It is important to note that we can employ the three most common approaches to explain the evolution
of the multi-wavelength SED characteristic by shifting the peak frequency. The three approaches are (1)
varying the magnetic field strength; (2) varying the radiation field energy density; and (3) varying the
electric field strength. As can be seen in Eqs (10) and (14), regardless of changing either the magnetic field
strength or the radiation field energy density, these changes result in a substantial influence on the value of
the electrostatic field in the proposed model of in the current context. The changes in the multi-wavelength
SED as a result of varying the physical parametersB, u and Aˆ are plotted in Figure 1. One can see that the
migration in the peak positions of the synchrotron SED component dominates in the evolution of the multi-
wavelength SED. Phenomenally, we anticipate that some incidental behaviours can be expected from the
emission spectra. Neglecting the influence on the other physical conditions, if we focus on varying either
the magnetic field strength or the radiation field energy density, since the dynamic equilibrium of the system
reestablishes, we can find a continuous variability covering energies from high to low. Alternatively, if we
focus on varying the electric field strength, the efficiency acceleration contains the electron populations
around on the equilibrium energy, we can expect the shapes of these SED bumps to change. In addition, the
flux variability is remarkable and the change of spectral slopes is significant at the X-ray and GeV-TeV γ-ray
bands; however, as a result of that the low energy electrons are dominated by the electrostatic acceleration
process, the variability is minor or not significant at the low frequency end of synchrotron component.
In these scenarios, we issue that there is strong evidence for the evolution of the multi-wavelength SED
characteristic by shifting the peak frequency, and this is accompanied with by an orphan flaring at the X-ray
and GeV-TeV γ-ray bands. Consequently, these observations provide an important electrostatic acceleration
diagnostic in blazar jets.
5 APPLICATION TO MRK 421
Mrk 421 is a nearby active galaxy at a redshift of z = 0.031 (de Vaucouleurs et al. 1991), with a pair of
relativistic jets flowing in opposite directions that is closely aligned to our line of sight. It is interesting to
find the significant evolution of the multi-wavelength SED characteristic by shifting the peak frequency has
been exhibited during activity epochs (e.g., Ushio et al. 2010; Aleksic´ et al. 2015; Balokovic´ et al. 2016).
During these epochs, the archival multi-wavelength observations of Mrk 421 show the synchrotron and the
IC scattering peak in the quiescent state located at ∼ 1 keV and ∼ 100 GeV, respectively (e.g., Abdo et al.
2011). On the other hand, the 13 consecutive days (from MJD 55265 to MJD 55277) activity of Mrk 421
occurring in March 2010 show an orphan flaring at the X-ray and GeV-TeV γ-ray bands (Aleksic´ et al.
2015).
In order to attempt to understand the nature of the migration in the peak positions of the SED, in the
current context, we apply the proposed model to the 13-day flaring event in March 2010 of Mrk 421, con-
centrating on the electrostatic acceleration responsible for the evolution of multi-wavelength SED charac-
teristic by shifting the peak frequency. We first establish the values of the model parameters. Our approach
for reproducing the multi-wavelength spectrum from Mrk 421 sets η = 1, ξ = 0.1, and δ = 32 in all of the
observation epochs. Since the adopted multi-wavelength SEDs are averaged daily, we argue that our approx-
imation is valid as long as the variability timescale, tvar, is less than 1-day. In this scenario, we constrain the
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Fig. 1: The changes in the multi-wavelength SED by varying the physical parameters. The top panel shows
the magnetic field strengthB, the middle panel shows the summation of both the magnetic field and the soft
photon field energy density u, which indicates the varying the radiation field energy density, uph, when the
parameter B is fixed. The bottom panel shows the dimensionless parameter Aˆ, which indicates the varying
ratio of the electric field and magnetic field strength, E/B, when the parameters B, and u are fixed. The
labels near the curves represent the values of the parameter. The thick lines are plotted by the peak frequency
of the synchrotron SED component. The blue curve denotes the baseline of the multi-wavelength SED with
the chosen of parameters γ0 = 1000, N˙0 = 2.0× 10
19 p−1 cm−3 s−1, ξ = 0.1, η = 1, u = 20 erg cm−3,
Aˆ = 30, Bˆ = 8.54× 10−11, Cˆ = 84, δ = 32, B = 0.03 G, and rs = 2.1× 10
16 cm.
size of the emission region by the relation rs ∼ cδtvar/(1 + z) = 2.1× 10
16 cm with tvar = 2.25× 10
4 s
in all of the calculation epochs. The other model parameters N˙0, γ0, Aˆ, Bˆ, Cˆ, u, and B are varied until a
reasonable qualitative fit to the multi-wavelength spectra data is obtained.
In Figure 2, we plot the model spectrum along with the simultaneous multi-wavelength SED obser-
vations reported by Aleksic´ et al. (2015) in the epoch of 2010 March from Mrk 421. The plots include a
comparison of the nonflaring (or typical) SED from the 2009MW campaign observed in Abdo et al. (2011).
The corresponding physical parameters of the model spectrum for the 13-day flaring event in 2010 March
and the nonflaring state of Mrk 421 are reported in Table 1. We can estimate the specific amount of the
shock and the electric field by using Aˆsh = 9ηξ/(4σmag), and Aˆelec = 3Eη/(Bσmag). The results are
also listed in Table 1. We can see that the electrostatic acceleration dominates in the 13 consecutive days
activities. The inferred values of electric field in the reconnection layer are also included in Table 1. It can
be seen that, for the strong flares at the beginning of the activity epochs, the condition E & B is in accord
with rapid magnetic reconnection, which can result in efficient electrostatic acceleration. The exceptions are
the tear of flare activity. For these weak flares, we obtain E < B. Since the intensities of these particular
flare activities barely exceeded the level of the quiescent emission, we issue that the results are reasonable
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Table 1: The proposed model parameters.
Date N˙0 γ0 ξ η Aˆ Bˆ Cˆ u B δ rs Fˆ D0 σmag ω E Aˆsh Aˆelec
MJD [p−1 cm−3 s−1] ... ... ... ... [10−11] ... [erg cm−3] [G] ... [1016 cm] [10−22] [s−1] ... ... [G] ... ...
typical 2.0 × 1019 1000 0.1 1.0 30 8.54 84.0 25.38 0.030 32 2.1 4.01 9.65 × 103 0.055 0.65 0.014 4.103 25.92
55265 3.5 × 1019 1000 0.1 1.0 20 2.54 56.0 25.38 0.030 32 2.1 1.19 3.24 × 104 0.185 0.29 0.035 1.222 18.82
55266 3.5 × 1019 1000 0.1 1.0 19 2.54 53.2 25.38 0.030 32 2.1 1.19 3.24 × 104 0.185 0.31 0.033 1.222 17.82
55267 3.0 × 1018 3000 0.1 1.0 20 2.54 56.0 25.38 0.023 32 2.1 2.15 2.35 × 104 0.175 0.31 0.025 1.292 18.76
55268 3.2 × 1019 1000 0.1 1.0 30 4.50 84.0 25.38 0.040 32 2.1 1.59 1.83 × 104 0.078 0.46 0.028 2.885 27.16
55269 3.2 × 1019 1000 0.1 1.0 30 5.50 84.0 25.38 0.038 32 2.1 2.04 1.50 × 104 0.067 0.53 0.023 3.347 26.67
55270 2.2 × 1019 1000 0.1 1.0 30 9.50 84.0 25.38 0.030 32 2.1 4.46 8.68 × 103 0.049 0.72 0.012 4.562 25.44
55271 4.0 × 1019 1000 0.1 1.0 30 5.50 84.0 25.38 0.030 32 2.1 2.58 1.50 × 104 0.085 0.42 0.023 2.642 27.37
55272 3.0 × 1019 1000 0.1 1.0 30 7.50 84.0 25.38 0.030 32 2.1 3.52 1.10 × 104 0.063 0.57 0.016 3.603 26.42
55273 2.8 × 1019 1000 0.1 1.0 35 7.50 98.0 25.38 0.032 32 2.1 3.30 1.10 × 104 0.059 0.52 0.019 3.843 31.18
55274 1.6 × 1019 1000 0.1 1.0 37 15.0 103.6 25.38 0.032 32 2.1 6.61 5.49 × 103 0.029 0.98 0.009 7.694 29.37
55275 1.6 × 1019 1000 0.1 1.0 37 18.0 103.6 25.38 0.032 32 2.1 7.93 4.58 × 103 0.024 1.19 0.007 9.223 27.80
55276 3.1 × 1019 1000 0.1 1.0 37 8.0 103.6 25.38 0.032 32 2.1 3.52 1.03 × 104 0.055 0.53 0.019 4.101 32.94
55277 2.4 × 1019 1000 0.1 1.0 35 8.0 98.0 25.38 0.032 32 2.1 3.52 1.03 × 104 0.055 0.56 0.018 4.101 30.94
in the sense that strong electrostatic acceleration is not required to interpret the spectrum observed during
that 13 consecutive days activities.
We now take the evolution of the multi-wavelength SED characteristic by shifting the peak frequency
into account. Since very high-energy (VHE) photons, generalEγ > 0.1 TeV, from the source are attenuated
by photons from the EBL (e.g., Stecker et al. 1992; Kneiske et al. 2002, 2004; Dwek & Krennrich 2005;
Stecker et al. 2006; Franceschini et al. 2008; Razzaque et al. 2009; Finke et al. 2010), we deduce the peak
position of the high-energy SED component from Mrk 421 depends on the γγ attenuation effect. In this
scenario, we do not consider the peak position of the IC scattering SED component; instead, we estimate the
peak location of the synchrotron SED component using a reasonable smooth interpolation or extrapolation
model (e.g., Massaro et al. 2004; Błaz˙ejowski et al. 2005; Tramacere et al. 2009; Ushio et al. 2010). We
introduce a log-parabolic model with
F (ν) = k
(
ν
ν∗
)
−α−β log(ν/ν∗)
, (32)
in the ν−F (ν) space (e.g., Balokovic´ et al. 2016). we utilize the model to fit to the X-ray data alone, and to
both the UV/optical and X-ray data. In this model,α and β are free parameters, while ν∗ is a fixed parameter
at which α equals the local power-law photon index. The β parameter exhibits the deviation of the spectral
slope away from ν∗. The evolution of the peak frequency of the synchrotron SED component in the observed
epoch is reported in Table 2. The corresponding peak frequencies of the synchrotron SED component for
each activity are plotted in Figure 3. The plot includes the comparison of both the electric field and the
magnetic field strength, the ratio of the electric field and the magnetic field strength, the spectral slopes
of synchrotron emission, and the light curve of X-ray and γ-ray. We note that the agreement between the
migration in the peak positions of the synchrotron SED component and evolution of the ratio of the electric
field and magnetic field strength is excellent during the activity epochs. Since the magnetic field strength
in the observation epoch experiences minor changes, and the summation of both the magnetic field and the
soft photon field energy density is fixed, we suggest that it is reasonable to conclude that the electrostatic
acceleration is responsible for the evolution of the multi-wavelength SED characteristic by shifting the
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Fig. 2: Comparisons of model spectra with observed data for the BL Lac object Mrk 421. The color symbols
show the daily SEDs during 13 consecutive days (from MJD 55262 to MJD 55277) of activity taken from
Aleksic´ et al. (2015). The Fermi upper limits are show as blue open squares with down arrow. The gray
circles in the background of each panel show the averaged SED from the 2009 MW campaign reported in
Abdo et al. (2011), which is a good representation of the nonflaring SED of Mrk 421. The model-derived
spectra that fit the daily SEDs are plotted with red curves in each panel, while spectra that fit the nonflaring
SED are plotted with black curves.
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peak frequency. We are interesting to compare the ratio of the electric field and the magnetic field strength
with the spectral slopes of synchrotron emission, and the light curve of X-ray and γ-ray. One can find
that when the ratio increases, the spectral slopes of synchrotron emission enlarge, and the X-ray and γ-ray
fluxes strengthen. These are the consequence of that the electrostatic acceleration in an electric field tends
to harden the particle distribution, which enhances the high-energy component of resulting synchrotron
emission spectrum.
Table 2: Results of the log-parabolic modela to fit the X-ray data alone, and both the UV/optical and X-ray
data.
X-ray data optical/UV and X-ray data
date k α β ν∗ χ
2 νsyn,p k α β ν∗ χ
2 νsyn,p
MJD [10−28] ... ... [Hz] ... [1017 Hz] [10−28] ... ... [Hz] ... [1016 Hz]
typical 1.259 -1.575 0.274 2.173× 1012 0.007 1.086 1.000 -1.533 0.172 1.309 × 109 0.008 3.022
55265 1.000 -1.785 0.527 1.622× 1015 0.002 7.118 7.079 -1.412 0.221 4.721 × 1011 0.024 13.52
55266 1.000 -1.802 0.490 8.279× 1014 0.002 5.987 1.000 -1.692 0.227 1.358 × 1011 0.015 11.55
55267 0.832 -1.494 0.244 2.512× 1012 0.001 3.241 1.000 -1.447 0.157 1.791 × 109 0.002 11.12
55268 1.000 -1.708 0.414 2.541× 1014 0.001 4.737 1.000 -1.672 0.218 7.129 × 1010 0.009 9.582
55269 1.000 -1.688 0.385 1.327× 1014 0.001 4.111 1.000 -1.636 0.209 4.645 × 1010 0.007 9.402
55270 1.000 -1.556 0.237 5.035× 1011 0.004 1.243 1.000 -1.512 0.171 2.606 × 109 0.003 5.768
55271 1.000 -1.678 0.284 2.786× 1012 0.003 1.445 1.000 -1.660 0.214 3.837 × 1010 0.003 6.294
55272 1.000 -1.778 0.434 1.563× 1014 0.002 2.480 1.778 -1.745 0.275 6.166 × 1011 0.010 6.038
55273 1.000 -1.774 0.450 1.905× 1014 0.002 2.303 1.000 -1.757 0.248 1.297 × 1011 0.007 4.693
55274 1.000 -1.499 0.268 3.631× 1012 0.001 1.668 1.000 -1.495 0.166 1.377 × 109 0.003 4.509
55275 1.000 -1.602 0.271 1.730× 1012 0.003 1.093 1.000 -1.539 0.177 2.858 × 109 0.005 4.249
55276 1.000 -1.481 0.220 3.311× 1011 0.003 1.441 0.794 -1.455 0.146 2.265 × 108 0.003 5.788
55277 2.667 -1.411 0.299 1.578× 1013 0.008 1.697 1.000 -1.560 0.182 3.972 × 109 0.006 4.285
aNOTE-The fitting is obtained by considering the photon energy ν to be the independent variable. Transformation the log-parabolic model into
log ν − log νFν space, we can obtain a relation log νFν = c0 + c1 log ν + c2(log ν)
2 , where c0 = −β(log ν∗)
2 + α log ν∗ + log k,
c1 = 2β log ν∗ − α + 1, and c2 = −β. The parameters c1 and c2 can localize the synchrotron SED peak by νsyn,p = −c1/(2c2).
6 CONCLUSION AND DISCUSSION
It is believed that determining the jet microphysics from the SED of blazar is a challenging problem of
inversion. In a phenomenological view, it is interesting and important to find the exclusive characteristic
of the emission energy spectrum for tracing the jet microphysics. The present paper introduces a linear
acceleration by integrating the reconnection electric field into the particle transport model which has been
proposed by Zheng et al. (2019). We expected to find the observed evidence for the electrostatic accelera-
tion in the blazar jet. In the model, the ratio of the electric field and the magnetic field strength reflecting the
electrostatic acceleration rate is established. On the basis of the model’s expected maximum Lorentz factor,
we deduce the maximum photon energy of the synchrotron peak in the SSC model frame. The result indi-
cates that the energy of the synchrotron peak depends on the ratio of the electric field and the magnetic field
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Fig. 3: Left panels: Temporal evolution of the peak frequency of the synchrotron SED component (top
panel), both the electric field and the magnetic field strength (middle panel), and the ratio of the electric
field and the magnetic field strength (bottom panel) during the 13-day flaring event in 2010 March of Mrk
421; Right panels: Temporal evolution of the spectral slopes of synchrotron emission (top panel), the X-ray
(middle panel) and γ-ray (bottom panel) fluxes during the 13-day flaring event in 2010 March of Mrk 421.
The peak location of the synchrotron SED component is estimated by fitting a log-parabolic model in Eq.
(31). The associated ratio of the electric field and the magnetic field strength is computed using the model
parameters. The plot assumes the typical state at the epoch of MJD 55264.We note that the γ-ray fluxes are
absent from observation in the day of MJD 55275.
strength. In order to justify the migration in the peak positions of the synchrotron SED component, we test
the theoretical SED effects of changes in the parameters. The tests provide strong evidence for the evolu-
tion of multi-wavelength SED characteristic by shifting the peak frequency, with an accompanying orphan
flaring at the X-ray and GeV-TeV γ-ray bands. These results provide an important electrostatic acceleration
diagnostic in blazar jets. Assuming suitable model parameters, we apply the results of the simulation to the
13-day flaring event in March 2010 of Mrk 421, concentrating on the evolution of the multi-wavelength
SED characteristic by shifting the peak frequency. It is clear that the ratio of the electric field and the mag-
netic field strength play an important role in the temporal evolution of the peak frequency of the synchrotron
SED component. Therefore, we consider it reasonable to suggest the electrostatic acceleration is responsible
for the evolution of multi-wavelength SED characteristic by shifting the peak frequency.
Phenomenally, the model effort of Aleksic´ et al. (2015) for the 13 consecutive days activities of Mrk
421 focus on the correlated variability at the X-ray and γ-ray bands without variability at the optical/UV
bands. Their model paradigm confirms that the one-zone SSC model can describe the SED of each day
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reasonably well. Alternatively, the flaring activity can be reproduced by a two-zone SSC model, where
one zone is responsible for the quiescent emission, and the other zone contributes to the daily variable
emission occurring at X-ray and γ-ray bands (Aleksic´ et al. 2015). In the context model, we concentrate
on the evolution of the multi-wavelength SED characteristic by shifting the peak frequency. To render the
nonlinear effect of SSC process, we assume a constant soft photon fields to instead of the synchrotron
emission field. With the adopted parameters B = 0.03 G, it results in uB ∼ 3.6 × 10
−5 erg cm−3. Based
on the model results, we can also estimate the synchrotron emission field usyn ∼ 10
−4 erg cm−3. If we
directly include the synchrotron emission field into the transport equation, we find u = uB + usyn ∼
10−4 erg cm−3. This value is five orders of magnitude less than the constant soft photon fields of the
model assumed with u = 25.38 erg cm−3. It is believed that a lower soft photon field results to larger
equilibriumLorentz factor. The calculated synchrotron emission field induces the equilibriumLorentz factor
γe around 10
7 ∼ 108. This is far from the equilibrium Lorentz factor that are required by the observed
synchrotron peak energy. In order to obtain a corresponding synchrotron peak energy, we assume a large
value for soft photon fields to establish the particle distributions. It is important to assume a plane shock
front propagating along a cylindrical jet. A particle energy distribution is shaped by experiencing a kind of
acceleration, cooling, injection and escape processes around the shock front, and subsequently drift away
into the downstream flow, in which they emit most of their energy. Since the context introduces a shock-
induced magnetic reconnection scenario, we must emphasize the aim of model assumed soft photon fields
is to shape a particle energy distribution around the shock front, whereas, the emission spectra are strictly
calculated in the frame of SSC process.
In the context, we do not provide detailed insights on what is the dominate accelerationmechanism in the
reconnection region. However, it is interesting to find that all of the island contraction (Drake et al. 2006),
anti-reconnection between colliding islands (Oka et al. 2010; Sironi & Spitkovsky 2014), and curvature
drift acceleration (Guo et al. 2014, 2015) are able to transfer the available magnetic energy into a population
of non-thermal ultra-relativistic electrons via the induced large-scale electric field. Actually, the high energy
particles are regulated and focused towards the reconnection layer midplane (e.g., Contopoulos 2007). Once
the particles are immersed the layer, they suffer from weak radiative losses, but strong coherent electric
fields (Uzdensky et al. 2011). On the contrary, the ambient magnetic field exceeds the electric field in the
surrounding region. In this scenario, the layer can be treated as a linear accelerator (Cerutti et al. 2013).
Since magnetic reconnections offer natural regions where the electric field is stronger than the magnetic
field, we adopt a simple linear acceleration mechanism by the reconnection electric field. On the basis of
assuming a constant electric field strength in the region, we propose a possible explanation for the origin of
the temporal evolution on the peak frequency of the synchrotron emission SED component.
It is convenient to compare the relative contributions from shock acceleration and electrostatic accelera-
tion in the region of the dissipated region. The model presented in this work suggests the ratio of the electric
field and magnetic field strength in a limited range from 0.2 to 1.2 during in the activity epochs. Since we
adopt the shock acceleration efficiency factor ξ = 0.1 in the context, we can conclude that the first-order
momentum gain by electrostatic acceleration is a dominated mechanism at the dissipation region in the jet.
However, we should emphasized that shock none the less plays an important role in regulating the particles
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escape, and therefore it is an essential composition in the proposed model, despite the momentum gain by
shock acceleration is negligible. Actually, in the environment where the magnetic reconnection is efficient,
so as to provide the electric field, the emission region has to be considerably magnetized. There the shock
acceleration cannot be efficient, or even the shock can hardly happen(e.g., Kirk et al. 2000; Achterberg et al.
2001). We believe that both shock acceleration and electric field acceleration are unlikely to coexist. We do
not propose an explanation for why they are happening in the blazar region. However, it is interesting to
speculate that these might be a result of the electric field acceleration concentrating in the comparatively
smaller volume surrounding the shock and the shock acceleration occurring on around the shock front. In
this scenario, the electric field acceleration is best interpreted as a pre-acceleration process in which a frac-
tion of particles obtained energy from the electric field easily to trigger a Fermi-type acceleration. Such
pre-acceleration process in our steady-state particle spectrum could be simply considered by postulating
higher energy for the injected electrons with a Lorentz factor, γ0.
There are alternative criteria for the blazar classification including the use of the peak frequency of
the synchrotron SED component: low synchrotron-peaked blazars (LSP; log νsyn,p < 14 Hz); intermedi-
ate synchrotron-peaked blazars (ISP; 14 Hz ≤ log νsyn,p ≤ 15 Hz); and high-synchrotron-peaked blazars
(HSP; log νsyn,p > 15 Hz) (e.g., Padovani & Giommi 1995; Nieppola et al. 2006, 2008; Abdo et al. 2010;
Fan et al. 2016). It is surprising to find evidence for the migration in the peak positions of the synchrotron
SED component during in the activity epochs of Mrk 421. Since most blazars appear as luminous sources
characterized by noticeable and rapid flux variability at all observed frequencies, on the basis of the pro-
posed model results, we postulate that the peak frequency of the synchrotron SED component may denote
a temporary characteristic of blazars, rather than a permanent one. Taking the finiteness of the sample into
account, we defer to this possibility for other blazar sources that are extensively observed.
A potential drawback of the proposed model is that we apply a steady particle distribution instead of
time-dependent evolution to model the SEDs of each day and estimate physical parameters in the dissipation
region. As a result, it provides an estimation of the temporal evolution of these physical parameters, but we
cannot simulate the light curves during the activity epochs. Consequentially, the expected orphan flaring
at the X-ray and GeV-TeV γ-ray bands cannot be generated by the proposed model in the context. On the
other hand, in spite of that we introduce a ambient soft photon field to establish the particle distributions,
the theoretical photon spectra reproducing in the SSC process results that the proposed model can not to
explain the pure orphan γ-ray flaring. In order to interpret the flares, MacDonald et al. (2015) proposed the
Ring of Fire model, where the electrons in the blob up-scatter the ring photons to simulate the origin of
orphan γ-ray flares from the jet dissipation region. Alternatively, the hadronic model has been proposed
that either the proton-synchrotron emission or the photohadronic process can explain orphan high energy
flares (Cerruti et al. 2015; Sahu et al. 2019). In the current context, while the special variability timescale
does not be taken into account, the snapshot approach with the steady SSC model allows us to investigate
for the temporary evolution of basic physical parameters averaged over a day; this can consider the blobs
independently of the difficulties associated with a time dependent model. As time dependent variations
of electric and magnetic fields (e.g., Kroon et al. 2018, 2019) can result in the evolution of the emission
electrons, we leave this issue for our future work.
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